Background and Aims: Acute kidney injury (AKI) occurs commonly in patients with acute-on-chronic liver failure (ACLF). However, there are scant data regarding the impact of AKI on survival in ACLF. We performed a prospective study to evaluate the impact of AKI on survival in ACLF. Methods: This study was conducted in ACLF patients hospitalized in the Gastroenterology Department of Sriram Chandra Bhanja Medical College (India) between October 2016 and February 2018. Demographic, clinical and laboratory parameters were recorded, and outcomes were compared between patients with and without AKI and between patients with persistent AKI and AKI reversal at 48 h. Results: We screened 439 chronic liver disease patients as per the Asian Pacific Association for the Study of the Liver criteria and found that 113 (25.7%) of them had ACLF and 78 (69%) of them had AKI as per the Acute Kidney Injury Network criteria. ACLF patients with AKI had reduced 28-day survival (44.9% vs. 74.3%; p = 0.004) and 90-day survival (25.6% vs. 51.4%; p = 0.007), in comparison to ACLF patients without AKI. However, when comparison was made between AKI reverters and AKI persisters at 48 h, survival was comparable for both at 28 days and 90 days. Further, about one-tenth of ACLF patients with AKI died within 48 h of hospitalization. Conclusions: Over two-thirds of ACLF patients had AKI. Although ACLF itself is a predictor of reduced survival, a very small increase in serum creatinine further worsens survival. Importantly, AKI at admission is a better predictor of early mortality in ACLF patients since recovery from AKI at 48 h does not improve survival. Citation of this article: Khatua CR, Panigrahi S, Mishra D, Pradhan S, Sahu SK, Barik RK, et al. Acute kidney injury at admission is a better predictor of mortality than persistence at 48 h in patients with acute-on-chronic liver failure.
Introduction
Acute kidney injury (AKI) is a common complication (20%-50%) 1,2 encountered in patients with cirrhosis and is associated with a high mortality rate. [1] [2] [3] [4] Because of the labile kidney circulation, it has been observed that patients with cirrhosis frequently experience small variations of serum creatinine levels that are readily reversible. These variations occur spontaneously or secondary to specific circumstances, such as diuretic therapy or episodes of moderate hypovolemia. However, the impairment of kidney function in cirrhosis occurs frequently in association with failure of other organs, a condition known as acute-on-chronic liver failure (ACLF), which may adversely impact the prognosis of these patients. 5, 6 Studies have reported renal dysfunction in 22.8%-34% of patients with ACLF as per the Asian Pacific Association for the Study of the Liver (APASL) criteria; besides, AKI prevalence has been reported to be as high as 51% using the more sensitive Acute Kidney Injury Network (AKIN) criteria. 7, 8 AKI is defined as abrupt decline in renal function characterized by absolute increase in serum creatinine of 0.3 mg/dL within 48 h or by percentage increase in serum creatinine $ 50% from baseline, which is known, or presumed, to have occurred within the previous 7 days. 2 AKI progression has been shown in various studies to be associated with very high mortality in hospitalized patients with cirrhosis. 9, 10 However, there are very few studies on the outcome of ACLF patients having AKI at the time of hospitalization. The kidneys are differentially affected in patients with cirrhosis with or without liver failure. Patients with ACLF with AKI have more structural AKI, yet greater potential for reversibility despite higher progression, as well as higher mortality compared to patients with acute decompensated cirrhosis. Therefore, emphasis on prevention and early detection of AKI in patients with ACLF is of utmost importance.
Methods
This study was conducted in ACLF patients whose diagnosis was defined according to the APASL definition: "an acute hepatic insult manifesting as jaundice and coagulopathy, complicated within 4 weeks by ascites and/or encephalopathy in a patient with previously diagnosed or undiagnosed chronic liver disease". 12 Intravenous albumin was used for initial volume expansion for 48 h, and patients with volume-nonresponsive AKI and fulfilling the criteria for hepatorenal syndrome were treated with intravenous albumin and terlipressin or noradrenaline; hemodialysis was planned when required. Patients with bacterial infection received intravenous antibiotics, albumin and, later on, antibiotics, which were changed according to culture and sensitivity report. In septic shock patients, noradrenaline infusion was used. 3, 13, 14 AKI reverters were defined as patients with AKI in whom serum creatinine level decreased to the normal level, before hospitalization, and persistent AKI was defined in patients when serum creatinine increased from the admission serum level or did not decease to a level that would not meet the criteria for AKI resolution after 48 h of admission. 10 
Primary and secondary outcomes
Survival at 28 days was defined as the primary end-point, while that at 90 days served as the secondary end-point for our survival analysis. Duration of hospital stay was the other secondary end-point for comparing ACLF patients with and without AKI at admission.
Statistical methods
Demographic, clinical, and laboratory parameters and outcome were compared between patients with and without AKI. Normally distributed continuous variables were reported as mean and standard deviation and compared using Student's t-test. Nonnormally distributed continuous variables were reported as median and interquartile range and compared using Mann-Whitney U test. Categorical variables were reported as proportions and compared by chi-square test or Fisher's exact test, as appropriate. The 28-day and 90-day survival were estimated by the Kaplan-Meier method and compared by means of log-rank test. The hazard ratios (HRs) and their 95% confidence intervals (CIs) were calculated. All tests were two-tailed, and p values <0.05 were considered significant. The statistical analysis was performed using SPSS statistical package, version 20.0 (IBM Corp, Armonk, NY, USA). (Fig. 1) . Table 1 shows the comparison of baseline characteristics of ACLF patients with and without AKI. ACLF patients with AKI and without AKI were comparable for age [mean age of patients 44.50 ± 9.19 vs. 48.14 ± 11.22; p = 0.073]. Among the etiologies of underlying chronic liver disease in the ACLF patients, alcohol was the predominant etiology, followed by viral hepatitis B or hepatitis C (Figs. 2 and 3 ). Active alcohol intake was the most common precipitant in ACLF patients (60.2%) as well as in ACLF with AKI (66.2%), followed by hepatotoxic drug use, variceal bleeding and viral hepatitis (Fig. 4) .
AKI at admission among ACLF patients
At admission, AKI was found in 78 (69%) patients (males=74; females=4 (Figs. 3 and 4) .
On Cox regression analysis (univariate), hazards of mortality were significant with admission serum creatinine, urea, sodium, bilirubin and international normalized ratio. But on multivariate analysis, the independent predictors of mortality at 28 days and 90 days were urea, bilirubin and international normalized ratio (Table 2) .
Discussion
This study on ACLF with AKI was carried out in a resourceconstrained region of South Asia, where liver transplantation facilities are not available. Due to lack of liver transplantation facilities, it was possible to study the natural history of ACLF patients with AKI at our center. Verdelho et al. 15 too observed that patients having ACLF with renal dysfunction had an increased mortality. In our study, it was observed that ACLF was a very common occurrence in our cohort of hospitalized patients with decompensated cirrhosis (DC); over one-fourth (25.7%) of the DC patients had ACLF. Besides, AKI was also very common in these subjects with ACLF; over two-thirds (69%) of ACLF patients had AKI. This figure was much higher than the prevalence of 47% reported by the AARC group. 16 The recent AARC study had concluded that AKI persistence at 48 h predicted worst outcome in patients with ACLF, thereby indirectly underplaying the importance of AKI at admission. This study from AARC gives a false impression that recovery of AKI at 48 h perhaps dramatically improves the outcome and survival. Our present study provided us an opportunity to critically examine this very issue, particularly the questions: How important is AKI at the point of hospitalization for ACLF patients? And, did reversal of AKI at 48 h improve the outcomes in these patients?
Our study showed that, while ACLF patients had significantly decreased early (28 days) and long-term (3 months) survival (Supplementary Table 1) , AKI, which was present in 69% of the ACLF patients, further affected the survival of patients, both short-term and long-term survival (Table 1) . Unlike the AARC study by Maiwall et al.
11 our study clearly showed that notwithstanding AKI at 48 h, AKI at admission itself was associated with equally poor prognosis. Besides, around 10% (n = 7) of patients died within 48 h of hospitalization (Table 3) , and when comparison was made between AKI persisters and reverters, the survival was comparable both at 28 days and 90 days. Despite recovery from AKI, one-fourth of patients died by 28 days, and more than half by 90 days. This suggests that in ACLF patients, AKI at admission is a better prognostic indicator than AKI at 48 h.
In our study, the median time of reversal of AKI in ACLF patients was 4 (range: 3-6) days. So, waiting for 48 h to see if there is reversal of AKI in these patients is not a worthwhile proposition, as it could delay intervention and prognostication of these patients. The published paper from the AARC study 16 states, "AKI persistence at 48 h predicts mortality in patients with [ACLF]". The authors looked at the status of AKI at different time points with respect to day 1 and prediction of 1-month mortality, and they found increased odds ratio (OR) at day 6 (OR: 4.4) versus day 2 (OR: 3.7). However, surprisingly, they preferred day 2 instead of day 6, to enable early intervention.
In our study, since we found that admission AKI was as important as AKI persistence (at 48 h), we preferred to highlight this as a better prognostic predictor rather than delaying for 48 h to enable early triaging and intervention.
So, without waiting for 48 h, patients with ACLF and AKI should be prognosticated from the beginning to enable early decision making regarding further intervention including liver transplantation.
Our study has a few limitations. It includes data from a single, resource-constrained region, and it might not be appropriate to extrapolate our conclusions regarding outcome to the population of other regions across the globe. Besides, the study also needs validation from other multicentric studies with larger sample size.
Conclusions
Over one-fourth of DC patients had ACLF, and more than two-thirds of them had AKI. Presence of AKI in ACLF decreases both 28-and 90-day survival rates. AKI at admission is an important prognostic indicator. Strategically, AKI at admission is a more important prognostic indicator than AKI persistence at 48 h.
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